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(57) Abstract: A material responsive to visible light which com- 
prises anatase-form titanium oxide and which, when examined by 
ESR spectroscopy in a vacuum at 77K with irradiation with light 
having a wavelength of 420 nm or longer, gives a main signal hav- 
ing a g value of 2.004 to 2.007 and two subsignals respectively 
having g values of 1.985 to 1.986 and 2,024, the three signals be- 
ing slightly observed or substanually unobserved in the dark in a 
vacuum at 77K; a process for producing the material which com- 
prises heating amorphous or incompletely crystalline titanium ox- 
ide and/or titanium hydroxide (starting titanium compound) in the 
presence of ammonia or a derivative thereof and terminating the 
heating at the time when the absorption of light having a wave- 
length of 450 nm by the material being yielded is greater than that 
by the starting titanium compound; and a light-responsive material 
which responds even to visible light and a process for producing 
the material. 
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9 8 5 — 1. 9 8 6SIK2. 0 2 4 X& £ 2 0©Iij5^^;W3u Jt^GDX'^ 

itig-r^ t^e^tc, g^it^2. oo4~2. o o 7T^§ii/^t;k tr; 

tegHW*l. 9 8 5 — 1. 9 8 6Sl^2. 0 2 4 Tfe* 2 @'J^:*-;KZ)3£ 
V^Tn%, ^^4>{C4 2.0nm*^(D^^^A;T , ^iXfe^lSfe«Jfc5mmb 

m&<DUa7k&mm& 5 o , CT?<fcj*L-T%>©fcw\ s m&2. 004 — 2. 

0 0 7?*5^>^t;K MfCgil^l. 9 8 5-1. 9 8 6&t£2. 02 
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<oyt (5 o o w<Dm&7k&5 >y&mm) b-rz? * cl- 4 2) 

y— ;i/tf-eo^^M^-eab-5o ^->^^-;i/StX2ooDKis>^;p^^. 
t^*>/j\;*<, -r vfuns— jvyvu. sat, ^m. 

S£8SM2 

6 0 0 nmlC^tt-S^I^^ 100 %i:lfctf©4 5 0 nmfciitSS 
W$tt6 9raD, An^HQ3l^nQ©m». 6 0 0nml:*^WS 

1 0 0%ilfcitO4 5 0 nmfci1t5Slf$«6 8 %-C$>^Tz 0 JPi&BfM 

2 05>©fim«, 7 0 0 nmfcfett§5W§ 1 0 0%ilfctf©4 5 0 n 
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W&KMm* 1 0 0%ibfci:t©4 5 0 nmfC^tt^Slt^« 6 8 %X£o 
^3 

2: #fc £ WC^V^T, 4 2 0 nm *«CD^ (5 0 0 WGD&flEzK^ 

^>^5r^ffi) ^^ht57^M- (L-4 2) £^L-C}fcJ8I£tf Lfe^Ii 

T*tfcESR7^h;i/ (i)£iS7 7K) mKDtpmzm-rtmm 
<d g ffi £ m -r %> ±. ^ tf-r 2 -d ©gij ^ ^ u tc „ 

T^-^-if^-m^^>^ (HJ^jS^ OHO «C-0 2) 1. 6kg§ 

-^-t££9^g§f*3C9Mgg£4 0 OttU #»«TOd««:«t& 9 0 #H0Jp 
(5 0 OW09iiSJBE^^>y^^) ht«7^;^- (L-4 2) 
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"To 

5 

mmm 1 *e#e.nfe)^*3 g^ioomi uv^^y^x^ 

Mt&0H 6 

3 0 0 U y h;KDRj&#» (^SlXm^^Plfg) F^^^febTtMSO'CCD 
7K2 0 7 k s\Z\mm^^>2 3 k g^^^rfd^^fc £CD«fc#7K*gf£<Z>|^ 

(^feS^ p H 8 5 CSISLfc. 

1 k gT'fe^fco £&<DfcfcI§:^fci:, 2 0 0 k gGDT^^E—TTK (NH 3 ttt 6 %) 

wu i08k g ^ofc o efi<©ifcj8W«\ 5 o e c^is^bfe5fi0mmsc«aM 
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^ittS^TJ^tTO (2 0 X 2 0 X 5 cm) {ClkgAtl, XX'FftiZ 

mmm 7 

^js^iie-cf^^u^j^^s g^ioomi (DMTkizmmi, -?tf*^~/ 

Ml? 6 ~ 7 3 @iR ^ jgbff o 

»S*lfc*»W©#«©ESR*Wj£U;fc. fib, ESRiMlcajEOL 
JES-TE3 0 0^fU «9£*#fc*5V>T, I*7 7K, JfH^^iSi 

(7 6 0Torr) tU % t>^-7^-JI/K$3 3 0mT±2 SmTtl, 
modulation frequency 100kHz £ V. RF/W-^l. OmWtU ^SB# 
Fl4^^i,n>X^>h0. 5 0W Xe7>^iU 

(#0 H 7 1cl^S#fi!r S UP ERB R I GHT — 1 5 2 S ^rffiV^X, 7 -Y )V 
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? — GG4 5 5 (S c h o t t B#«) *«UTtt#fc3te*JiMtT**«fc3 fc: 

^iMi, 3, 5, 6, 7 ^ftMVfeum%.zfi-mm.<Dwi4k3 : -*>m3i (st 

-0 1, S]gC^§8£ m (JtKWD Sr. #0. 2g^7^/k-h(6X 

6cm)i:-?-n^nitu&%<D&, ^-fi/^^x^f9^ms^^§g(i^@i 6 

Omm, /P£ 2 5mm) F^fcagmUfc. }fcillle:te, 3 0 0 W^-fcy >^ >^ p Srffl 
^fellfif (B*^ S^fi,^ ; S M - 5 1C T - 1 0) 2 

21©KiK**k:aftOXRH©«iaE^Jfe^(NO : lppm)*l. 

i i^m<o*— ©«©*««*^6#ai3eifefifc^ttaNo xoiisi** (%) 

(=NOM$-N0 2 M) NOfi«0|j^Ctt, Monitor 

labs Inc. Si, Nitrogen Oxides analyzer Model 8840 V>fe„ 



28 



WO 01/56928 



PCT/JP01/00584 



1 





NO©ii$ (%) 


^JfaM l 


1. 0 


j-*-*- ,{/■ fxr.i r> 


3. 8 




6. 0 




4.4 




20. 5 


Jt«Wl 


0.4 



mmmG-e&fcm&vuzmm m#.&mm) mmum* 3000, 325*0, 

3500, 375*0, 4000, 425<C, 4500, 475 < Ci:*:te 5000 <fc Ufe^^S^i^iJ 

bJUfcfflfeb, 6 0 0 nm*fcfcj:7 0 0 nmlz35tf&KM%z$: 1 0 0%tlfc 
tt©4 5 0 nmfc*^^^$^2fc^to ##ibT5ISI (tfc) fi 
ST- 0 1 <DKMm^m.2 \zmt B #e»nfe#-y->^;KDNOx^ 
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^2 
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•• 


600nm tcitbfc 450nm *C 


700nm Izit V fa 450nm T? 


300 


81% 


78% 


350 


81% 


78% 


400 


77% 


74% 


450 


81% 


79% 


500 


82% 


80% 


ST— 0 1 


95% 


91% 



mMM6-c<m*i&&(Dm$$iw umy^mm) tmmmm&o. smm. i 
mm. smm. Gmm^r^i ommtvr^m^mmmi tmmcDgkfr m 

n&<D*kf&m%:%fc 0 zLWE>(D£.m.m<Dm : WLKM?.^t7 v)v&mi£v. 6 o o 

nm£fcte7 0 0 nm.\Z$$tf%>Kmm%: 1 0 0 %<tb7ti^CD4 5 0 nmfcfe 
IfcbTltl/, EI 9 ~ 1 i }c^-r 0 
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KMO'M^BtM (h) 


600nm 450nm T? 


700nm Jcfcbbfc 450nm "7? 


0. 5 


75* 


73% 


l. 0 


77% 


74% 


3. 0 


68% 


66% 


6. 0 


67% 


67% 


10. 0 


76% 


74% 


S T- 0 1 


95% 


91% 



^Jfi0!I6T?ffr£Ufct&5fe3 g^lOOml ©HEtKCWL Y^^y 

2m, 3m, 50, *fctt7nr*D3guffv^ #&n&»5fcfcj:, 1 1 otti? 
mmmio-2 mm&nm&izm&miKDMffi (2)) 
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*JfiM6-Cf^rigbfc»5tt3 g^lOOml <DM7k\zmmV, m&fc&frVffc 

&mm®&7}<L\zMWv, ^mmM^n-of^ ^osts&oDium^ oek i@, 

;i/*ife^iHi*6 m<o i h;p7f«dofc'b© (a) &z*m&m$k i mo i 

h;p^^#m^c6iEi© i rx^^ h;i^-ef/jofet>© (b) ^-en-^n 
gii7 few**". 



32 



WO 01/56928 



PCT/JP01/00584 



twmwi o^x3@ 



J-^- VU.U1/ 


Nfl M4> (%) 


NO & eft- lv\ 


jnux ras5 (*) 


570 


2. 0 


0 


2. 0 


520 


8. 2 


1. 2 


7. 0 


470 


18. 3 


3. 8 


14. 5 


420 


18. 2 


3. 9 


14. 3 


360 


25. 3 


9. 3 


16. 0 

— . _ i 



mwmm i s x 3 m 



i£S (nm) 


NO M'J> (%) 


N0 2 ±f& (%) 


NOx fi&£(X) 


570 


2.4 


0 


2.4 


520 


7. 4 


0. 6 


6. 8 


470 


15. 8 


2. 1 


13. 7 


420 


15. 9 


2. 3 


13. 5 


360 


25. 0 


7. 1 


17. 9 



flfcBfc^> (iv) Milt, fflntt3^> (iv) (Mm-fb^ (80 

»i« a« -.mm^* xiv) wis, > < 1 v) & 24 «s%^ 
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T>^E-T7jc(T>^nTJM^:7jc=l : 1 ) 5 8 m 1 * tf^ U y hTT 
"C#*«?W-JS-t»*ite:3ni^.»:d«6jJli»*«!W-fci:c:^, smiths. K>®** \z.mm 

u, t5fe#srffvi, e6©»**»fc. mzntcmmz. 5otTgibT« is 

»»*G*»fc.#6nfcJW*^*<» (i£i|W5fcG) ©BET^TOi, 3 0 8. 
7 m 2 /g-e&ofc„ 

^SSM 12-1 

-e6 OrfrF^fclf&b, BET^W, 8 9. 4 m 2 / g (D*AZ> V>ftt&0D&?|;A 

mmm 12-2 



mmm 12-3 
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<Dum-?6 oft-mm&is, betses^ 52. 6 m 2 / g <Dm^n-&<Dm 

*C^6 . 2 g#fc„ 
tk&tffl 12-1 

©SST6 0^ffiMU, BET«S«*J, 2 4 9 m 2 / g OD e-feCD»3|5D & 
7. 6g#fc, 

JfcfcfcW 12-2 

ajfi«i-e#6nfctt»»*G 8 g*#«KiAn,«»^fc»b, 2oot 

7. 1 g#fc. 
Jfcttfcl 12-3 

»ifi«l, WJ1 2 - 1 ~ 3 S^Jfcl&tfiJ 1 2 - 1 -S^etlfem^cD^ 

xmmm (xRD)sotxMi^s(xps), Noc?iMio 
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1. X«(XRD) 

j&zsc, mmzit&mi 2 - 1 ~3-?#e,nfc«&5icD, tl&tsf <Dmm.umz 
&z>mt&, xmmm^mmm(m^mm(m)mmM > ^:R i nt- 2 0 0 0) 

2. xMytn^ftytm (xps) 
fijSM 1 T#6n&Kiif®*G, mmm 12-1 T?#6tifc»3i5A2t^jttt 
«i2-3©»*F0, ^^>tm^tojt^^, xmytnttytam (es 

CA) ft«(7^;ty^7 7'f (tic)«ffiA« : Qu a n t um 2 0 0 0) IzJz 

5&® X t!— 100 jum-HOW Al 

#*r*«, ^E— F:a-*r««; 1500 /iix 100 fimd>, &m If— AS; 100/zm* 
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I6Dfct5b^:90 m 

A*x*/l^— : 187. 85eV (Survey) , 23. 50eV (Mul tiplex) 
Xfy^B:l. 6eV (Survey), 0. leV (Multiplex) 

^>7n^<h©^^Jt (O/T i)«, -tn^tl, K»»5f5G*t2. 4 5, «&5fcA 
3*2. 2 8&OTlRiftT?»S»5|cF*«2. 4 0 T?& o fee S»_hT?tt, il#CD (TfT 
Mfo<D)WL{k^& >mm (I V) ©^7C^i^^>5u^i:©^^it (O/T i ) 
tt, 2. 0 0t*Mtii5, ^IU©jB!|jeT?tt, TfrJK,ftT?&:5»;fcF©«!|J£ 
«*«2. 40TJ»ofcCt*&tSi, D/h3V>a^ffiT?fcofc»5fcA 
©, 9fllLk© (S*»©)«*7Cj|6t^>7C*t©?SFttJt (O/T i)|±, 4>£:< 

Stafi«llT?#&nfctt3|BH»5|5G, ^J60Ol 2-1-3^5^^^, B 
Rt*C, 12-1-3 7?#Snfc|»*D, EWFONOxiS 
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^5 





#iffl^ifeftfc*l**NOx©|lfc3ciMfc (%) ; 


360 (nm) 


420 (nm) 


470 (nm) 


520 (nm) 


570 (nm) 




U 


0 


0 


0 


0 


mmm 12-1 o^*a) 


18.2 


7. 5 


7. 2 


1. 9 


0. 7 


mmm 12-2 m&B) 


6 


1. 1 


1. 1 


0. 5 


0. 2 


mmm 12-3 mmo 


15.1 


2. 1 


0. 8 


0. 2 


0. 1 


&mm 12-1 m^.r>) 


0. 2 


0 


0 


0 


0 


ttmm 12-2 («&*e) 


0. 1 


0 


0 


0 


0 


Jt«M 12-3 CtfcfeF) 


2 8.4 


4. 5 


0. 4 


0 


0 



4. -r v?u^y-jvwi<(tmm<Dwm 

8»«lT#6nfctt»»*G, ^MMl 2- l~3T#&nfc»5fcA, B 
KtfC.MZttCjfc&Ml 2- l~3T#5tlfct*D,ESi;FO-?-n-?no. 
2 g^rtf^;*:/!/— h (6 X 6 cm) fc^^frb ft ^ XM^JUz? ^ — M 

Rj&mmmm: 1. 9 u» bMmzwtuisit. ytrntzi*. 3oow/\a^> 

*y h7^M-((»)«2I ' : IRA-25S, 6 5 

L-4 2, 4 2 Oin *jd©*ft©316&Ay h) aSftfe-Hi'fcSMJC b 

2 -yn/W-;i/$r^^i§|^|{c^AbX, 1^5 0 0 ppmOgj£; 
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#x<tLfeo 2-~rxmj—)v-t)t, mmw-m^mv^m.. 2mmy6mm&n~=> 



^6 





6rf-\ {->- J- Z. L ^>fccft-i*rtf 

3\l / t>- O / TI r SEWC lasfS: 

(ppm/#) 




0 


12-1 (ig&TfcA) 


1. 3 


lHJSMl 2-2 CBShfcB) 


0. 1 


IIM12-3 ()^*C) 


0. 3 


JfctfcM 12-1 OI&tJcD) 


0 


WJ12-2 ($&5f?E) 


0 


JtttWl 2-3 («&5fcF) 


0 



39 



WO 01/56928 



PCT/JPOl/00584 



4. K^— r^-rtf— iz&z>mm 



m7 









0.99 


12-1 (»3fcA) 


0.53 


2-2 ffifcfcB) 


0.86 


mmmi 2-3 (»*o 


0.66 


itWJ 12-1 mmr>) 


0.9 8 


Jfc*Wl 2-2 (»*E) 


0.9 6 


i£4fc#!I 12-3 («&5fcF) 


0.9 3 
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mmm 12-1 -c^^nr^m^AcD-E s r^.^^ bji&mimvfco 

*^*(0. lTorr) 7 7 KTff ofc. 1 iH«T*«. 

0 2 0 (&«5£t&* 7 7 K) fc, 4 2 0 nm fcffioyt (5 0 0 WGDi©J£7j<£g^ > 

-fttmm) ttuv hts7^;^- (l-4 2) ^i^xytmmvr^m-cm 

0 2 0 tC^TX^ h;VT?WU gM#*2. 0 0 4~2. 0 0 7T?3bZ>3az/tf 
MZ*\Z S m.& 1 . 9 8 5 — 1. 9 8 6&CX2. 0 2 4 "C^S 2 OODSd^ 

iSK e^(DSP7jc^«?#»^ 5 0*CT?ffcjKlyT*>©K:ra\ g{it^2. 0 0 4—2. 
0 0 7TSSiS/^k fOtCgfidU. 9 8 5~1. 9 8 6M2. 02 

3 (5ifim^^>^e.cDpI^^#i|s|.(Dmjt^^ (2)) 
24%lii{Em^^>^(Pm-fb^, JBg-«R) 5 0 g^^@7jc400mL izmX, T 

ft'&mw&fcibfcimzisUZKWcmv. ±m&m&fe-c2> 0 mmzxy^^iz 
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& 8 



(nm) 


no m& (%) 


N0 2 (%) 


NOx m& (%) 


570 


1. 2 


0 


1. 2 


520 


9. 8 


1. 2 


8. 6 


470 


21. 5 


4. 3 


17. 2 


420 


22. 2 


5. 5 


16. 6 


360 


28. 5 


10. 3 


18. 2 



f#6tlfcW®E S R7^^ hj^il^bfc, mifete, (0. lTo 

r r) 7 7KTfT^fc, S'J^#«^SS^!l 1 «tl^a*ra5^> 0 
0 2 1 (2l'Jj£i&^ 7 7 K) $C 4 2 0 nm (5 0 0 WGD^jEEzR^ >y 

^r^M) ^r^yh-r^.^w'^^— (l-42) &frvxy6mttis?tvtmxmfe 
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m2 1 \Z7*-?X^i7 h;V7?te, gl^2. 0 0 4 — 2. 0 0 7T$5jE5/^ 
-f-)V, MUffcgi^ 1 . 9 8 5 — 1. 9 8 6&rX2. 0 2 4 2 ^ GDItfv' 

e^OSD7j<^^^5 OtttibTfeCfctt, gl^2. 0 0 4 — 2. 
0 0 7^fe§±->^t;K tmigfj&tl. 9 8 5-1. 9 8 6M2. 02 

^^W V^D^i/H^Ht=|!) 10: Do f#f,nfcil$i|!l 30 

TtJc (T> ; t^T©^ : 6%) fctfcJM (inzk^-^) ^MSSitTl 
^Ufc^Ufc^te, JrfE^tm^^UX, fM*MBtt5 0 
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*9 

tt»A 



3$E:JI (nm) 


NO (%) 






570 


0 


0 


0 


520 


0. 3 


0 


0. 3 


470 


1. 1 


0 


1- 1 


420 


1. 5 


0 


1. 5 


360 


16. 0 


2. 5 


13. 5 



(nm) 


NO (%) 


N02 ifefdMX) 


NOx (SO 


570 


1.0 


0 


1. 0 


520 


4. 7 


0 


4. 7 


470 


15. 6 


3.4 


12. 2 


420 


16. 4 


4. 6 


11. 8 


360 


19. 1 


10. 0 


9.1 



#^nfe#»®E S RX^^ h;^i^Ufc. *8l*£te> H^>*> (0. lTo 
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r r) 7 7K-eff^fe. mfegkmsmmm i £mm-e%>2>. 

HI 2 2 mmum7 7K) 114 2 Onm*^©^ (5 0 0 WGD^ffiTfcgg^ >^ 
^*')/ht57>fM- (L-42) ^r^UT^flil^bfe^Si-Xradfe 

^2 2 fc^tX^^ h;WX«\ gi*i2. 0O4~2. 0 0 7tfe5±^ 
^-;K MtXfcg^i^l. 9 8 5~1. 9 8 6RtK2. 0 2 4 X&S 2 OOgiJv' 

£3, £^#n*#8¥^£:5 OICT^bTfeCfc^ g{it^2. 0 0 4~2. 
0 0 7-e&£>3^>^:J-;K Mtffcglifj^l . 9 8 5 — 1. 9 8 6S.IK2. 02 

fc-hnykftmm&MyMzmn-z^T: i a M# ufcfc© distil lio'cxt^u, 
£ sic 4ooti" i ^F^^L.fe 0 #snfe&-fe©*&;fc£gsm c i-r-So 
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400X31 mmmrnvtcumc a, ^sm^t^it^v^^^<DizMv-c, r> 

5 i ^>fC*5l-t^?-^>^^-r-S>^^© ; E;i/tt:^X^^m : F^^ (E S CA) 

x sa^m^a^sfe (esca) comma, mmm 1 2 o^ttwttfc^Lfc x 



^10 





O/T i Jfc (E S C A) * 


O/T i it * * 


»7 


2 . 11 


1 . 7 6 


S^ifSM 12-1 


2 . 2 7 


1 . 9 0 


SUMM 1 3 


2 . 17 


1 . 8 2 




2 . 3 9 


2 . 00 mmm) 



**o/tij* (esca) <ommm&* Mm— wut^*><Do/T i 
2. 0 0 ti/TtiL&#M^©o/T i mc^it 



46 



WO 01/56928 



PCT/JP01/00584 



47 



WO 01/56928 



PCT/JPO 1/00584 



m^kcomm 

*K 7 7Kt*^T4 2 0 nm^±OM§tf Z>yt<DmMT~?mfeVfe& S 
Rfd*5ViXx g^i^2. 0 0 4~2. 0 0 7 2>l£z/ sfj- )l £ gfjJU. 9 
8 5-1. 9 8 6^CK2. 0 2 4T$5 2 ^OgJv'^t^li^n, >0o ^ 
ne»0 3-3©->^;i/«^ttr % 7 7K,B»MTlC*ViT*/jNte«ai^nS*»» 

-t<D$i&&m'?2>ytmMT\z&\fz>E s Rfc*sv**r "banjos n^gra^s 1 ^ib 

3 . s&sh 3^©v' ^^-;i/^ie?lm tc® s-r ^ 9 ^ ;j/ iz mm £ n § & <d t? 

4. H^tf, 7 7 KlZ&\,*T 4 2 0 nm&±<Dm&&^-r2>yt<DmHT-e®\ 
Jt^tlfcE S RklcfeViT. gi^2. 0 0 9~2. 0 1 0T?SSlJ'>^t;V§ 

e . i~5 ©vi-rn** i *K:8B*«D*m. 

7. 6 0 0 nmOM©^}C*ft5R#$$ 1 tLfcttH, 4 5 0nm© 
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8. 6OOnm©Sfi0^l:tnKi^ltlfcifl:, 4 5 0 nmCD 

9. 6 0 0 nm(DWi&<DmzM~tZ>5LMm& 1 tl&tft, 4 5 0 nmOD 
SB*©****. 

1 0. ^5 2 0 nm03tt: J; D NOOifbStt^f 1 ~9 OV^ 

1 1, m-ms 7 0 nm©36fc i 0 NO0iftffii$tt§i^J| 1 ~ 1 0 CD 

^Ttifr i mizmm<DMw* 

^>Yb^%o^^4 5 onm {c*3^^>^(D©jR«t o ^ ^^^mmmm^m 

1 3. Mf2io8&£r 250~500 < C(DiSffl(^M^ , r, ttffiTT?fx 3 Wf3fc3l 1 2 
1 4. K»^>^*»*T>^-T^JfH«T*}fcttT>qE-^A«[<0 

^#TT?sn^*r-5it^ i 2 1 3 tzv&m<Dm&&&. 
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1 5. MIBiP^Sr, Z>ttW<D 4 5 0 nm(Di£S<D^tc:^T^S#*^£f 

0. 85J£TFa&b, 6 0 0 nmO^©3t W5Ilf^^ 1 t.U 
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